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AN INVESTIGATION AT T.OW SPEED OF A 51.3° SWEPTBACK SEMISPAN
WING WITH A RAKED TIP AND WITH 16.7-PERCENT-CHORD AILERONS
HAVING THREE SPANS AND THREE TRATLING-EDGE ANGLES

By Jack Fischel and Leslie E. Schnsiter
SUMMARY

A wind-tunnel investigation was made at low speed to determine the
aerodynemic characteristics of a 51.3° sweptback semlspan wing with a
raked tip and with 16.T7-percent-chord sealed plain ailerons. The
ailerons had spans of 3%, 66, and 93 percent of the spesn of a full-
span aileron; each alleron had trailing-edge angles of 6°, 14°, and 25°.
Lift, drag, pitching-moment, and hinge-moment data were obtalned for
the wing with transition free and fixed and with various spans of
aileron deflected &s 1lift flaps. In addition, the rolling-mocment,
yawing-moment, hinge-moment, and alleron-seal-pressure characteristics
were determined for each of the nine possible aileron-span and trailing-
edge-angle cambinations tested.

The results indicate that the effects on the wing aerodynamic and
lateral-control characteristics of fixing transition at the wing leading
edge were generally small or inconsequentlal. Increases in the span,
deflection, or trailing-edge angle of the alleron (when used to simulate
a 1ift flap) generally produced the same trends in the wing lift, drag,
piltching-moment, and lift-flap hinge-moment cheracteristics as are produced
on unswept wlngs, except at angles of attack near the wing stall. Increases
in the aileron span, the aileron trailing-edge angle, the aileron deflec-
tion, or the wing angle of attack generally produced effects on the swept-
wing rolling-moment, yawlng-mament, hinge-moment, and seal-pressure
characteristics that were similer in trend to, but different in magnitude
from,the corresponding effects produced on unswept wings.

INTRODUCTION

The plain-flap type of lateral-control device is being considered
and incorporated in the design of high-speed alrcraft having swept
wings. The deslgn engineer on such aircraft is greatly hempered, however,
by a lack of data upon which to base estimates of the varlous aileron-
design paremeters at high sweep angles. In order to help alleviate this
difficulty, the Nationsal Advisory Cammittee for Aeronautics is currently
investigating ailerons on highly swept winge with the ultimate objective
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of obtaining alleron-design data simlilar to that available on unswept
wings (references 1 to 3). Because no adequate thecry is yet avallable
for determining alleron effectiveness on swept wings, such as 1s .
available for unswept wings, the experimental approach is being followed
in these investigations.

Previous analyses (such as reference 1) have indicated that the
effects of airfoll section on control-surface characteristics result
principally fram variations in the trailing-edge angle of the control
surface. In order to simulate approximetely the effects of alrfoil
section or of fabric deflection on control-surface characteristics,
three trailing-edge angles were lnvestligated in the present paper.

The data presented and dlscussed herein &sre the results of low-
speed lateral-control tests of nine different 16.7-percent-chord sealed-
plain-aileron configurations (three spans, each with three trailing-
edge angles) on a tapered low-drag semispan wing having 51.3° sweepback
at the leading edge. The rolling-moment and yawing-moment characteristics,
as well as the hinge-moment and internal-seal-pressure characteristics,
of each of the configurations are presented for a large alleron-deflection
range and angle-of-attack range. The characteristics of the wing in
pitch, with the various span allerons to simulate symmetrical sealed-
flap configurations, were determined in the course of obtaining the
lateral-control data and are alsoc presented and discussed herein. The
tests were performed in the Langley 300 MPH 7- by 10-foot tunnel.

SYMBOLS

The forces and moments measured on the wlng are presented about the
wind axes, which, for the conditions of these tests (zero yaw), correspond
to the stablllty exes. The X-axls 1s in the plane of symmetry of the
model and 1s parallel to the tunnel free-stream alr flow. The Z-axis
is in the plane of symmetry of the model and is perpendicular to the
X-axis. The Y-axis 1s perpendicular to both the X-axis end Z-axis. All
three axes intersect at the intersection of the chord plane and the plane
of symmetry of the model at the chordwise location (32.6 percent of the
M.A.C.) shown in figure 1.

CL 11ft coefficient (?wice 1lift ofq;emispgn mode%)
C dr coefficient (]1
Cn pitching-moment coefficlent

Twice pitching moment of semispan model about Y-axfi)
gSc
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rolling-moment coefficlent L )

asv

yawing-moment coefficient (f—-)
alleron hinge-moment coefflcient < )

seal-pressure coefficlent

Gressure below aileron seal - Pressure g&bove alleron seal
q

twice drag of semispan model, pounds

rolling moment, due to alleron deflection, about X-axis, foot-pounds
yewing moment, due to alleron deflection, &bout Z-axis, foot-pounds
aileron hinge moment, foot-pounds

free-stream dynemic pressure, pounds per square foot (%p\@)

twice area of semispen wing model, 18.14 square feet

twice span of semispan model, 8.05 feet

2
aspect ratio of wing 3-58, (bg

wing mean asrodynamic chord (M.A.C.), 2.48 feet

min

b/2
NS
0

area moment of aileron resrward of and ebout hinge exls, cubic feet
(see table I}

local wing chord, feet

distance along X-axls from leading edge of root chord to lesading
b/2
edge of M.A.C., 2.08 feet (f
span of alleron, measured parallel to Y-axis, feet

span of full-span aileron, measured parallel to Y-axis, 3.58 feet
(see fig. 1 and table I)

lateral distence from plame of symmetry, measured parallel to
Y-axie, feet
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h

x longitudinal dlstance from leading edge of wing root chord to
wing leading edge at any spanwise station, measured parallel
to X-axis, Teet

v free-stream veloclity, feet per second

p mass density of air, slugs per cublc foot

a angle of attack of wing with respect to chord plane at root of
model, degrees

Ba aileron deflection relatlve to chord plane of wing, measured
perpendicular to elleron hinge axls and posltive when tralling
edge ls down, degrees

¢ alleron trailing-edge angle, measured in a plane perpendicular to
alleron hinge axis, degrees

A wing sweep angle, angle between wing leading edge and a line
parallel to Y-axls, degrees

Cz[ﬁa rolling-moment coefficlent produced by 1° difference in angle of
attack of various right and left portions of a complete wing
(reference 2)

M fAS  effective change in the angle of attack over the flapped portion

of a wing produced by & unlt change in flap deflection

N
e
oo (@,
(B

R

Subscripts 8, and o Indicate the fTactor held constant; all

slopes were measured in the vlcinity of 8z = 0° apnd a = 0°.

Subscripts 1 to-5 have been used with the sesl-pressure coefficlent P
to indicate the spanwise station at which the pressure coefflcient is

measured. (See fig. 2.)
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The rolling-moment-coefficlent and yawlng-moment-coefficlent data
presented hereln represent the serodynemic moments on a complete wing
produced by the deflectlon of the alleron on only one semispan of the
camplete wing. The 1ift, drag, and pitching-moment coefflclents
represent the aerodynemlc effects of deflection in the same dlrection of
the ailerons on both semlspans of the complete wing.

CORRECTIORS

All the test data have been corrected for Jet-boundary and reflection-
plane effects. Blockage correctione, to account for the constriction
effects produced by the wing model and wing wake, have also been applled
to the test data.

No corrections have been applied to the data to account for the emall
amount of wing twist produced by alleron deflection or the tare effects
of the root-falring body.

APPARATUS AND MOIDEL

The semispan-sweptback-wing model with a raked tip was mounted
vertically in the Langley 300 MPE 7~ by 10-foot tunnel, as shown in
figure 3. The root chord of the model was adjacent to the ceilling
of the tunnel, the celling of the tunnel thereby serving as a reflection
plane. The model wes mounted on the six-camponent balance system in
such a manner that all forces and moments actling on the model could be
measured. A small clearance was maintelned between the model and the
- tunnel ceiling so that no part of the model came in contact with the
tunnel structure. A root falring, consisting of a body of revolution,
was attached to the root of the model in order to deflect the spanwise
flow of air that enters the tunnel test sectlion through the clearance
hole between the model &nd the tunnel ceiling soc as to minimize the
effects of any such spanwise flow on the flow over the wing model.

The model was constructed of laminated mahogany over a welded gteel
fremework to the plan-form dimensions shown in figure 1. The model hed
wing sections of NACA 65;-012 profile perpendicular to the unswept
50-percent-chord line, with neither twlst nor dihedral, amn aspect ratilo
of 3.58, end & taper ratio of O.uk.

Except where noted, transition was fixed at the leading edge of
the wing for &ll tests. The tramsition strip, consisting of No. 60
carborundum grains, extended over the forward 5 percent of the wing
chord on both the upper and the lower surfaces slong the entire span of
the wing model. The carborundum grains were sparsely spread to cover
- from 5 to 10 percent of this area.
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The semispan wing model was equipped with plain radius-nose allerons
that were 20 percent chord normal to the unswept S5O0-percent-chord line
and 16.7 percent chord parallel to the plane of symmetry. The ailerons
had steel spars and were constructed with Joints at two spanwise stations
so that aileron spans of 0.34bg', 0.66bg', end 0.93b,' could be tested.
(See fig. 1.)

The three mahogany aileron profiles used had tralling-edge angles
ip a plane approximastely normel to the hinge axis of 6° {true contour
of trailing edge of NACA 657-012 airfoil), 1LO (straight sides from
aileron hinge line to trailing edge of wing), and 25° (veveled tralling
edge) and were built to the sections shown in figure 4. The aileron was
tested with a plastic impregnated cloth seal across the gap ahead of
the sileron nose, except at the point of attaclment of the aileron-
actuating mechanism and at the alleron support bearings. The se&l
extended and was attached to the bearing housing at the end of each
alleron chamber, and the seal in each chamber was belleved to be fairly
complete.

Pressure orifices were located above and below the seal in the wing
block shead of the aslleron at the spanwise locetions shown in figure 2.
Two pairs of pressure orifices were located in both the middle and
outboard alleron sectlons, whereas only one pair of orifices was located
in the inboard alleron section neer the outboard end of this sectlon.

A remotely controlled motor-driven aileron-actuating mechanlsm
was used to obtain the various alleron deflections employed 1In the
investigation. The alleron angles were 1lndicated on & meter by the use
of & calibrated potenticmeter which wes mounted on the alleron hinge
axls near the outboard end of the alleron. A callbrated electrical
resistance-type strain gage was employed to measure the alileron hinge
moments.

TESTS

A1l the tests were performed at an average dynamic pressure of
approximately 20.5 pounds per square foot, which corresponds to a
Mach nmumber of 0.12 and a Reynolde number of 2,200,000 based on the
wing mean serodynsmic chord of 2.48 feet.

b
Wing angle-of-attack tests with the maxlmum-span aileron Sga= O-é})
&

at zero deflection were made throughout an angle-of-attack range from -10°
to the angle of attack at which the wing stalled, whereas corresponding

tests with the other ailerons ;57 = 0.34 and 0.66) at zero deflection

a
were made throughout an angle-of-attack range from -10° to 10°. Additional
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1ift, drag, and pitching-moment data presented herein for the aileron-
deflected condition were obtained in the course of obtalning the
latersl-control test data.

Lateral-control tests, with the nine different combinations of
alleron span and aileron tralling-edge angle, were performed throughout
an aileron-deflection range from -30° to 30° at constant engles of
attack generally ranging from approximately -4° to 28° in 4° increments.

During the serodynemic and lateral-control tests with a partlal-
span alleron, the part of the wing tralling edge inboard of the aileron
was equipped with the straight-side aileron profile (@ = 14°).

RESULTS AND DISCUSSION

Wing Aerodynsmlc Characteristics

The serodynsmic characteristices of the 51.3° sweptback wing in
pitch, with the various span allerons used as sealed 11ft flaps, are
presented in figures 5 to 9. Some of the data presented In figures 5
to T are replotted in figuwre 9 in order to compare the effects of
alleron trailing-edge angle on the aerodynamic characteristics of the
wing with the 0.93bg' aileron at two deflections.

Fixing transition at the leading edge of the wing generally did
not change the lift-curve slope CLa for B8y = 0° and had an insignificant
effect on the maximum 1ift ettaineble on the wing. (See figs. 5 and T.)
Regardless of the condltion of tramsition or aileron tralling-edge angle,
the wing had an unstable variation of pltching-mament coefficlent with
1ift coefficient above a 1ift coefficient of about 0.6 or 0.7. Fixing
the transition had no consistent or significant effects on the variation
of aileron hinge-momsent coefficient with angle of attack Chg -

With the aileron deflected as & 1lift flap, increase in the ailleron
span resulted in an increese in the. 1ift at any glven angle of attack
and generally produced a decrease in the velues of drag coefficient and
more negative velues of pltching-moment coefficlent at given values of
1lift coefficlent (fig- 7). In addition, increase in the aileron span
generally produced more positive values of hinge-moment coefficient
at given values of 1ift coefficlent (figs. 5 to T)-

The veriation of the lncrement of 1i1ft coefficient produced by
deflection of the various spans of alleron at a = 0° is shown plotted
against aileron deflection in figure 8. From the deta in figure 8, it
is apparent that the increment of 1ift coefflcient lncreased almost
linearly with aileron deflection at a = 0° within the alleron-deflection
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range tested. The datas of figure 8 also indicate that the outboard
alleron (0.3kba') produced considerably less than one-third of the
1ift increment of the 0.93b,' aileron, although the span of the
0.34bg' aileron is slightly greater then one-third the span of

the 0.93bg' aileron. This result 1s similar to the results obtained
In tests of unswept wings with plain and slotted 1ift flaps in the
investigations reported in references 4 and 5. A comparison of the
data of figure T with the data of figure 8 shows that the increment of
1ift coefficient produced by alleron deflection is much less at meximum
1ift coefficient than et o = 0°. This phencmenon &lthough not noted
in the investigations reported in references 4 and 5 corroborates the
known fact that the tips end tralling-edge portions of sweptback wings
tend to stall or "unload" at angles of attack comsiderably below that
for maximum wing lift.

The effects of the aileron tralling-edge angle on the aerocdynamic
characteristics of the wing in pitch with the 0.93bg' aileron at 0°
and 30° deflection are shown in figure 9. The results show a slight
decrease in the slope of the 1ift curve CLa and & slight increase in
the drag coefficient throughout the lift-cocefficlient range as the
aileron tralling-edge angle was increased. With the alleron at 0° deflec-
tion, increasing the trailing-edge angle from 6° to 25° resulted in a
forward shift of the aerodynasmic center amounting to about 3 percent of
the mean aerodynamic chord. This aerodynamic~-center shift of 3 percent
of the mean aerodyneamic chord is in good agreement with the value
predicted from reference 6.

Increasing the aileron tralling-edge angle with the aileron undeflected
had the usual effect of chaenging the slope of the curve of Cy against Cj,
from & negative slope for the small trailing-edge angle to a posltive
slope for the large tralling-edge angle. This effect will be discussed
in greater detaill in the section of this paper entitled "Aileron hinge-
mcment characteristics.” Increasing the sileron trailing-edge angle
with the ailleron deflected or at high wing angles of attack produced
less negative values of hinge-moment coefficlent, which corresponds to
smaller restoring or up loads on the zileron. In general, increases in
the span, deflection, or tralling-edge angle of the aileron {when used
to simulate a 1ift flap) produced the same trends in wing 1ift, drag,
pitching-moment, and lift-flap hinge-moment characteristics as are
produced on unswept wings, except at angles of attack near the wing
stall.

Laterel-Control Characteristics

The variatlion of the lateral-control characteristics (rolling-moment,
yawing-moment, hinge-moment, and seal-pressure coefficients) with aileron
deflection at various angles of attack for each of the combinations
of elleron spen and tralling-edge angle tested ls presented in figures 10
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to 18. The lateral-control paremeters Czsa, Chsa, and Cp, as

determined from these tests are shown plotied against the relative
distance of the inboard end of the aileron from the wing center line
in figure 19 and agalnst alleron tralling-edge angle in figure 20.
Values of the aforementioned lateral-control parsmeters, values of the
seel -pressure peremeter Paa, and values of the total rolling-moment

coefficient produced by +30° deflection of the aileron are presented
in teble II.

‘Effect of transition.- The lateral-contrcl cheracteristics of
the 0.93bg' *alleron with ¢ = 6° are presented for both the tramsition-
fixed and the transition-free conditions in figure 10. Fixing transition
generally decreased the values of the rolling-moment coefficients for
both +30° aileron deflection at angles of attack of and below approxi-
mately 12.5° and also slightly decreased the slope of the curves of
rolling-moment coeffliclent ageinst aileron deflection 015 at all

angles of attack in thls range. Above an angle of attack of 12.59, the
velues of the rolling-moment coefficient produced by *30° deflection of
the aileron for the transitlon-fixed condition were.egqual to or greater
than those produced with transition free. Little or no effect of fixing
transition could be noted on the yawing-moment and hinges-mament cheracter-
istics. The data of flgure 10 indicate, however, that seal-pressure

data obtained with transition flxed on the wing generally were more

nearly linear throughout the alleron-deflection range and exhibited

more consistent trends with change iIn « +than the corresponding data
obtained with transltion free.

Rolling-moment characteristics.~ Comparilson of the rolling-moment

ta for the various percent span ailerons at +30° deflection (table II
and figs. 10 to 18) shows that, at a given trailing-edge angle, the
0-3kbg' alleron produced approximately 50 percent as much total rolling-
mament coefficlent as the 0.93bg' aileron and that the 0.66b,' aileron
produced about 90 percent as much total rolling-moment coefficient as
the 0.93bg' aileron. At o = 20.8°, the wing tip is stelled and it
seems that since the stell. would affect the air flow over & much larger
percent of the 0-.34bgs' eileron than it would over the 0.93bg' aileron,
the reduction in rolling efifectiveness with increasing angle of attack
of the 0.34ba' aileron would be greater than the reduction in effectiveness
of the 0.93bg' aileron. Such is not the case, however, as indicated
by the fact that the ratio of C3; for the 0.93bg' aileron to C; for
the O0.34bg' aileron is approximately constant through the angle-of~
attack range to « = 20.8°. The data of figures 10 to 18 also show that
the curves of rolling-momeht coefficient plotted sgainst alleron deflection
for a glven alleron configuration are feirly linear and are almost identical
for values of o at and below 8.3°, but thesé curves become less linear
and the vealues of C; at given alleron deflections decrease wlth increase
in « at values of @ &bove 8.3°.
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The verietion of the alleron-effectiveness parameter 015 with

the relative distance of the Inboard end of the alleron from the wing
center line (or the alleron span) and with the aileron trailing-edge
angle are shown in figures 19 and 20, respectively. As anticipated,
the values of Czsa increased with increasing alleron span; however,

the rate of increase of Czs with increasing alleron span was greatest

for the aileron with the 6° trailing-edge engle and smallest for the aileron
with the 259 trailing-edge angle (fig. 19). The data of figure 20 more
clearly ilndicate the decrease in effectlveness caused by lncreesing the
allercn trailing-edge angle for & constant alleron span and show that

this decrease ls largest for the 0.93by' &aileron.

An unpublished analysis has Indicated that the effectliveness of
ailerons on swept wings is glven approximately by the relation

Cron 2
Czsa = e A cos“A

where the factor Ci/Aa should be taken fram charts glven in reference 2,
at the aspect ratio and the taper ratio of the wing with the panels
rotated to the unswept position, and AaJAS ie the effectiveness factor
based cn the &ileron-chord ratlo with the wing panels in the unswept
position. The variation of Cis_ 2 estimated from the aforementioned
relationship is shown for varioug alleron spans in figure 19. The
varlation of Cz/Am with alleron span was obtalned from reference 2 for
a wing having an aspect ratio of 6 and a taper ratio of 0.5; these values
approximately correspond to the geametric characteristics for the wing

of the present paper when it is unswept. A valuve of O.kh was used

for Am/A® which corresponds to the value for a seeled aileron of 0.20c
(normal or approx. normal to the aileron hinge line). The estimated
velues of 035a for various ailleron spans sre 1n good agreement with

and only slightly higher then the values obtained experimentelly, and
these values show the same spanwlise trend as the experimental data
(fig. 19). The discrepancy between the estimated and experimentally
determined values of the parameter 018 probebly results in part

from the fact thet the aileron data for Cy/ta obtained from reference 2
are for aillerone extending to the wing tip, whereas the wing investigated
herein had a raked tip with the alleron span consequently shortened, and
also from the fact that the values of Cz/éa given in reference 2 were
obtained enalytically and may differ slightly from experimental resultis.

Yawing-moment characterlstics.- The total yawing-moment coefficlent

resultin% from equal up and down deflections of the ailerons was generslly
adverse (sign of yawing moment opposite to sign of rolling moment) at
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positive angles of attack for all combinations of alleron spans and
trailing-edge angles(figs. 10 to 18). As the engle of attack increesed
the megnitude of the adverse yawlng-moment coefficient 1lncreezsed, in
some cases becoming as much as 65 percent of the total rolling-mcment
coefficient. The ratio of adverse yawing moment to roliing moment wae
considerably lerger for thls sweptback wing than the corresponding ratio
obtalned ln previous lnvestigations for unewept wings. The total
yewing maments for given positive and negetive defiections lncreased
with increesing aileron span in &bout the same ratios previoualy noted
for the total rolling moments. No consistent effects of alleron
tralling-edge angle on the total yawing moment produced by any given
span of alleron could be noted.

Alleron hinge-moment characteristics.- Hinge-moment-coefficlent data
obtained for the nine camblnastions of aileron spans and trailling-edge
angles (figs. 10 to 18) indicated, in general, that the variation of
hinge-moment coefficient Cp with aileron deflection &y was fairly
lineer for large-span allerons having & small trailing-edge angle
(f§ = 6°), but that this varistion beceme less linear as the aileron
span decreased, as the aileron trailing-edge angle increased, and/or
as the wing angle of attack increased. For a constant traillng-edge
angle, the values of Gotal hinge-mement coefficient resulting from large
equal up and down deflectlions of the allerons generally decreased at a
given angle of attack as the span of the aileron lncreased. This
effect became less pronounced &s the angle of attack lncreased. 1In
addition, for a given ailleron span, the values of total hinge-moment
coefficient for equal up and down deflections of the aileron decreased
as the aileron trailing-~edge angle was increased.

The variations of aileron hinge-moment coefflcient with angle of
attack Ch, and with alleron deflection Chsa were only slightly or
negligibly affected by increasing the allerom span, regardless of the
aileron tralling-edge angle, and the valves of Chcr, and cht‘:a became

less negative (or more positive) as the aileron treilling-edge angle
increased for any span of aileron. (See figs. 19 and 20.) Empirical
formulas for calculating the incremental effect on Cp, &nd Chaa of

an incremental increese 1in the aileron tralling-edge angle have been
determined for unswept wings and are presented in reference 1. Figure 21
compares the increments of the hinge-mament parasmeters cobtalned in this
Investigation with the emplricalily determined curve presented in refer-
ence 1. The agreement between the experimental values and the empirical
curve for Cpg 18 excellent for all three aileron spans tested. The

agreement obtafned. foxr cha. 1s also excellent for the 0-93ba' aileron

but becomes successively poorer as the elleron spen ls decreased. The
maximum experimental deviation from the emplrical curve is, however, no
greater than the deviations of the experimental data used in determining
the empirical curve. On the basis of the results presented in figure 21,
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the empirical relations between incremental aileron tralling-edge angle
and increments in the hinge-moment paremeters, derived from data on
unswept wings, apparently appllies equally well to allerons on swept
wings as a first approximation.

Interneal -seal -pressure characterlistics.- Comparison of the seal-

pressure data for the nine cambinations of alleron tralling-edge angles
and spans tested showed that,at constant aileron span, Ilncreasing

the aileron trailing-edge angle tended somewhat to reduce the values

of Pgs. (see table IT) end had a slight tendency to reduce the values

of P for B8y = t30° at the various spanwise stations. With aileron
trailing-edge angle held constant, however, there was a variatlion of
meximum P wlth alleron span; the meximum values of P were invariably
obtalned at the spanwise statlon located nearest the inboard end of the
aileron. The variation of P with ©g for this station alsoc exhibited
the most nearly linear characteristics of all the stations at which the
seal pressures were recorded for each span of alleron. In addition, for
a glven alleron span, the values of Pg_, and the values of P for given
aileron deflections generally decreased in proceeding from the inboard
pressure-orifice stations to the outboard stations. No consistent trends
in the variation of Pp, with alleron span at constant aileron tralling-
edge angle could be noted. Increasing the angle of attack bhad an incon-
sistent effect upon FPg, but generally resuited in a shift of the curves
toward more positive values of pressure coefficient.

Because the slope of the curves of pressure coefficient plotted
against alleron deflection genersally did not tend to reverse up to the
largest aileron deflections tested, and because the values of pressure
coefficlent presented herein compare favorably with corresponding values
obtained on unswept wings, sealed-internal balences probably will be
satlsfactory for swept-wing control surfaces.

CONCLUSIONS

A wind-tunnel Iinvestigation was made at low speed to determine the
serodynemic characteristics of a 51.3° sweptback semispan wing with s
raxed tip and with 16.T-percent-chord sealed plain ailerons. The ailerons
had spans of 34, 66, and 93 percent of the span of a full epan aileron;
each ailsron had trailing edge angles of 6°, 14°, and 25°. The results
of the investigation led to the followlng conclus*ons

1. The effects on the wing aerodynamic characteristics and on the
aileron yawing-moment, hinge-moment, and seal-pressure characteristics
of fixing transition at the wing leadlng edge were generally small and
inconsequential. Fixing transition, however, resulted ln a decrease in
both the total rolling-moment coefficient resulting from 300 deflection
of the alleron at low angles of attack and in the slope of the curve of
rolling-moment coefficlent against alleron deflection CZSa'
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2. In generel, increases in the span, deflection, or tralling-edge
angle of the aileron (when used to simulate & 1ift flap) produced the
same trends in the wing 1ift, drag, pitching-moment, and 1lift-flap
hinge-moment characteristlcs as are produced on unswept wings, except
at engles of attack near the wing steall.

3. As anticipated, the effectiveness of the aileron, as shown by
the variation of rolling-moment coeffilclent with aileron deflection Cl&a’

increased as the aileron span increased and decreased slightly as the
tralling~edge angle was lncreased for any given span of alleron. For a
given aileron trailing-edge angle and ¥30° aileron deflection, the
34-percent-span and 66-percent-span allerons produced about 50 percent
and 90 percent, respectively, as much total rolling-moment coefficient
as the 93-percent-spen aileron.

k. The values of the yawing-moment coefficient produced by aileron
deflection generally were adverse and became more adverse with increase
in the aileron span or the wing angle of attack but were Inconsistently
affected by changes In the aileron tralllng-edge angle.

5. The variations of aileron hinge-moment coefficient with angle of
atback cha and with aileron deflectlion Chﬁa_ were only slightly or

neglligibly affected by increasing the alleron span, regardless of the
alleron trailling-edge engle, and the values of Ch, and Chsa became

less negative (or more positive) as the aileron trailing-edge angle
lncreased for any span of aileron.

6. The variation of the seal-pressure coefficient with aileron
deflection Paa at each of the spanwise stations where pressures were

measured generally decreased as the alleron tralling-edge angle increased
for & given alleron span. An increase in the angle of attack generally
caused a shift in the curves of pressure coefficient against aileron
deflection ftoward more positlve values of pressure coefficient. Because
the slope of the curves of pressure coefflcient plotted against alleron
deflection generally did not tend to reverse up to the largest aileron
deflections tested, and because the values of pressure coefficient
bPresented herein compars favoraebly with corresponding velues obtained

onl unswept wings, sealed-intermal balences probably will be satisfactory
for swept-wing control surfaces.

Langley Memorial Asrcnautical Laborastory
National Advisory Committee for Aeronautics
Langley Field, Va.
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TABLE I

DIMENSIONAL CHARACTERISTICS OF THE

VARIOUS 0.16T7c ATLERONS TESTED ONK

THE 51.3° SWEPTBACK WING

Alleron span,

Aileron ares moment,

M
by, a' (cu £t)
0.34 0.0456
.66 .1218
.93 -1950

15



TABLE II

SUMMARY OF THE LATERAL—CONTROL CHARACTERISTICS OF 0.16Tc ATLERCNS

OF VARTOUS SPARS O THE 51.3° SWEPTBACK WING WITH A RAKED TIP

[Tranaitim fixed except vhere mted]

1
Aleren epan,| | o g Foq Totel C1 for 8 = 1307
balby (asa)| 8, | Cmog Station 1|Station 2 |ftatlon 3|Staticn 4|Stetdon 5lawm 0° oz 8.3%a % 12.5%a & 20.8°
6 |%.0a130|%-0.0078 [*-0.0036 %0.025 | %.033 | "o.0m | %0.032 | %0.028 |%0.0565 %0490 | Bp.0h50 | %0.0316
6 .0010%| -.00TL{ -.0035} .(@5 030 .030 .030 .085 L0900, -0%02 Ok16 .03kk
0.93 1 | .oc200] -.0056| -.0016 .02k -032 -032 »033 2026 | .0509| .oh6h | .0h05 | .031D
25 .00088| -.002% 00220 .021 .28 .02h 023 021 LOb4k] .04A2 .0380 . 0295
6 | .00086| -.0073| =+0026] ~-rm-n=-- 1034 .030 .03k 028 | .ob7ol .owk5 | 0383 | .0335
-66 1k .00083| -.00%8( -.0011|--=~=---- 030 .030 .032 025 L0450 .ohkD .0384 -030%
25 00075 -.0028{ .002f <=m-em--v 029 027 .032 023 .Ch06| .0kOS 0311 .0308
6 L0000 | -.0070] -.0019|~---=c==={--- B e LSt B .030 02k .0850] L0232 3220 0191
3% 14 .00039| ~.0057| -.0008] -----=se-]-rrmemnrr | cemmna—ae 027 .023 .02h1|  .0233 .0220 . 0153
i 25 .00038| -.0023| -0027[---=-veeo|mm-memon|eromeemen .027 -021 02134 0296 [  .0200 |=-=<=-"=ne
aTr:l.n_ﬂﬁ‘;:lcm frea.
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Figure 1,- Sketch of 51.3° sweptback semispan wing model. S = 18.14 square feet; A = 3.58; o
-]

taper ratio = 0.44. (All dimensions in ft except as noted,)
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Figure 2.- Location of pressure orifices on semispan wing model. (All dimensions in ft.)
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(a) Front view. (b} Rear view.

Figure 8,- The 51.3° sweptback semispan wing mounted in Langley 800-MPH 7~ by 10~foot tunnel with

b
alleron deflected. _5% = 0.34; ¢ =25°,
a
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T _
St

Seal-

Trve-contour aileron , @ =6°

(=

Straight -side aileron , P = 14°
O23c—_ | f

| 25°
6 <

hinge L.O 6¢ <
LZ Oc

Beveled trailing -edge aileron,§=25°

Figure 4.- Sketch of aileron contours tested on 51.3° sweptback wing.
Contours and dimensions shown are in a plane normal to unswept
50-percent-chord line or approximately normal to aileron hinge
line.
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Figure 5,- Variation of aerodynamic characteristics in pitch of 51.3° sweptback wing. 6, = 0% 4 = 25P,
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Figure 8.- Variation of the lift-coefficient increment ACy, with
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transition fixed.



b
~oy
5 S
>
Y
4 S e ,
st y E 0 %W% |
> {deg) ﬂ'h
% .3 o 6 e '.'I '_ o
(E. 2 a /4 %
ﬁg 2 o_25 § .
S 20 % o
™ ==
QEJM ' Y ' iy
"*m‘iL.,6 on
0 a /4
12 o 25
8
= 12
X ¢ §
¥ § 08
< 0 3
S S
¥, /7 ¥
“,
§ e -
< -8 . g f E—-’”%‘E = =y
) & ~NAGA.~ —
AN < X <04 L
42 EX
6 4 2 0 2 4 B 8 lo Iz % -4 2 0 2 4 £ 8 0 2

Lift coefficient ,(,

(a) &, =0"

Lift coefficient , €,

Figure 9.- Effect of ajleron trailing-edge angle on aerodynamic characteristics in pitch of 51,3° sweptback

b
wing. % = 0,93; transition fized,
a

62igT "ON WI VOVE

n
O




NACA RM No. LE&F29

30
u m
s 7 Y
///g -
1 AN
DAY 0
< Mﬁ”ﬂw_ .m_l
.@Hﬂoau #lrn
:.; ma.
%
W iR
- .
™~
[} \
R 2 S
/
4 _ ~
R ¥ o 3 g °

o opratitoar wewol- by
7 PRSI 7

o Fusyylfaes foewonn by

sl 2
™~ h
— A N =
> n
g ©38 N o
o <D f . // :
X Ry <
| N
i ~
N

] )

///__u
=t 2 9 ™~ o ~ ) ~ ao B

X N ~N = -~ ) v

o = " ~N = <

T Causta4ij807 busg bap 0 yrvz70 jo ofbuy

Litt  ceelficient, €y

Lift coetficient, C,

30°.
Figure 9.,- Concluded,

(b) &,



02

0l

=01

-.02

-3

01

-.0!

)

Allerons doflection , 8y, deg

[:
- — 42
- 0
-~ 42
- &3 3
- 125 03
—-— 8.7
= 208
- 249 L[
g )
T
0 ¢
A
]
/,;’,/
g’;@’ 02
03
24
/]
in
D
: 08
30 =20 -0 0 20 %0

(a) Transition fixed.

@
(e
- 42
- g
-~ 42
S - 43
soH T
4 -
\- -~ 208
R, - 249
—+— 244
N
N,
iy
.Qﬂ |
N \L\ '
"\} L A
< '\\ 0
ASVANENY ,
W
N \“\ N _
< 2
AN
™ ™
3
| ,
]\' -/
-30 20 -W 0 v 20 30

Aileron deflsction , &, dbg

62E3T “ON WY YOVN

Figure 10.,~ Variation of the lateral-control characteristics with aileron deflection on 51.3° sweptback wing. =
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Figure 15,- Variation of lateral-control characteristics with aileron deflection on 51.3° sweptback wing.
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D! = 0.88; @ = 26°; transition fixed.
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Figure 17.- Variation of lateral-control characteristics with aileron deflection on 51.3° sweptback wing,
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Figure 18.- Variation of lateral-control characteristics with aileron deflection on 51.3° sweptback wing.

Bt = 0-84; g = 26°; transition fixed,
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